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Wc report preliminary results of -65 days of llATSH l;:irtl~-[)ccl[ltatiorl  obscrvatims
of the low energy g,amma-tay  (2(1 kcV - 1.8 A4cV) emission of Cygnus X-1 covering the
period from 23 April to 27 JUIIC 1991. Cygnus X- 1 unctcrwcnt  two transitions in this period.
I’hc 45-140 kcV flLJx was first observed bclwccn  they] and ‘y-z lCVCIS (I .ing C[ a]. ] 987) from

23 April to 14 May. ‘1’hc source began a transition to ‘yI on 14 May and stayed near this lCVC1
from 19 [o 29 May, and then moved toward ‘y2 and rcmainc.d at approximately this ICVC1 from

10 to 27 June. Both yl (19-29 May) and 72, (1 (f -27 June) spectra observed by BA1’SE can
bc best charac[crizcd  by the Comptonizcd nmdcl  w ilh tcmpcraturc  of 67 kcV and 62 kcV,
rcspcctivcly,  and optical dcpt’h of -2. ‘1’here was no cvi(tcncc  for any broad spectral feature
near 1 McV seen previously by several satellite and balloon cxpcrirncnts.  A composite
Cygnus X-1 spectrum observe.d by IIArl’Sli and COMP’l”lL  in Viewing Period 2 (31 May -7
June) suggests that a power-law with index of -3.S may best characlcrixc the spcctrurn  from
2(K) kcV to .scvcral McV.

lN’J’l{ODUC’I’ION

Cygnus X-1 is onc of the strongest cclcstial Iow-energy gamma-ray (0.02 - few
McV) sources known to date. It has displayed long-tam temporal and spectral variability
which includes (1) }~ard  x-ray (45 -140 kcV) flux variation among several lCVCIS (1.ing ct til.
1987; I.ing 1988) with time scale ranging from days to months, (2) episodic broad  spectral
features in the 0.5- fcw McV region which have been intcrprctcd  as cvidcncc for rcla(ivistic
pair plasma in the accretion disk (Nolan & Ma[kmn  1983; I.ing ct al. 1987; McConnell ct al.
1989; 1,iang & Dcltncr  1988),  and (3) a possib]c  narrow 0.511 kcV annihilation line feature
correlated with the broad Mc’V feature (1 .ing & Whcaton,  1989) providing furlhcr  supporting
cvidcncc for positron-clcctmn  pairs pmduccd in the systcm. Several issues related to these
observations remain unresolved. l~or example, what is [hc rncchanisrn  driving the long-term
flux variation? Is there a palmn which may hc]p cxp]aining  the physics rcsponsib]c  for such
variability? IS the broad McV feature real? If so, it needs to bc confirmed. What is the
rncchanism  responsible for the formation of such a pair plasma?

The I,argc Area Detectors (1 .AI>’s) of the BA3’SI1 cxpcrimcnt onboard  the CCMnplon
Grrmma-llay Observatory (CGR())  arc ideally suited to answer many of these questions.
They have the capability to provide nearly unintcmptcd  monitoring of cosn~ic  sources with
unprcccdcntcd  sensitivity using the I;arih as an occultcr for modulating the source signals
(Ilarmon  ct al. 1992; Skc]ton  et al. 1992). WC have been monitoring Cygnus X-1 since
———-—..—— . ..— —
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EIATSE CYGNUS X-1 LIGHT CURVE
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l;igut-c 1. The Cygnus X-1 light curve in the 45-140 kcV energy band. “I”wo data
points are shown for each day, corresponding to mcasurcmcnts  made by different 1.All’s.
3’hc uncertainties include both statistical and systematic contributions summed in quadrature.

launch using MSIC Mission QIJcrations  (MO1’S) anal ysis package (Ilarmon  CL al. 1992),
and have found that the source made a number of transitions bctwccn the yl and yz lCVCIS
during the first two and half years of the CGRO mission (1 larmon et al. 1993a,b).  Most of
these data arc currently being analyxxi  in detail using a ncw JPI. “Lh~hanccd”  ~A3’SH
Occultation Package.  (M30P)  (Skclton  ct al. 1993, these Procccdings). IHIOP is dcslgncd  to
improve the sensitivity of the analysis by using ]nuch more data to rcducc statistical errors,
together with detailed background modeling to control systematic error. In this paper, wc
present cvidcncc for temporal and spectral variations associated with the first yl -y2 transition
observed in June of 1991. ‘1’hcsc  (iata were anal yx,cd using primarily 1 ;1301’  VcrsioIi 1.(1. As
11130P continues to improve in the months ahead, we expect these  results to improve. Our
present results should thus be ccmsidcrcd somewhat preliminary. lmprovcd results will bc
submit[cd for publication at a la[cr date.

R}xul:l”s

];](1x Variations. I~igurc  1 shows the 45- ]40 kcV light  curve measured by I; ATSI;
from 23 April (’1’JD 8369) to 27 June (’1’JIJ 8434) of 1991. }ior the first 20 days in this
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Figure 2. The overall ‘yl and 72 spectra observed by BA7’SIi (bold  lines) agree WC1l
with those  of I IRA{]  3 (Lir]g C( al. 1987; thin doMlincs), t})c cm] y discrepancy being (1w lack
of the cnhanccd  McV feature in the yl spectrum (2a). I’hc ‘y] spectrum is harder than ‘YZ
spectrum (Fig. 2b, shown as a dashed line in 2a) and intersects the latter at a fcw hundred
kcv.

period, except for one-day fluctuations. wc found t}lc source generally at a lCVC1 between yl

and ‘y2. }Iowcvcr, s[arting  at -TJII 8390  (14 May), the flux began to drop an(f rcachmi  the ‘yI
level  within a few days. It stayed at this level for approximately tcn days (’I’JII 8395-8405)
before ramping up toward y2 !whcrc it remained from TJD 8417 to 8434. ‘1’hc two data poit~ts
shown for each day correspond to mcasurcmm)ts  made by two different LAIXi. “J”hc ovcmll
pattern of the temporal variability was thcrcforc consistently and indcpcndcntly observed by
two LADs. “J%c uncertainty associated with each datum includes contributions from statistical
ancl estimated systematic cffccls, summed in quadrature. “l-he systematic errors dominate the
statistical errors in this cncrg~y  ban(i by approximately a factor of 4 for ti~is analysis (Skclton
et al., 1993, these Procccd~ngs).  Their ma~nitudes  have been estimated base(i on the
consistency of the daily fluxes mcasure(i  by two dclcctm’s over a pcri(xi of -70 (iays . While
no rigorous treatment of the systematic error is possible, WC. believe the cluote(i  errors to be
conservative. As our analysis mctho(i  con[inwx  to bc improved an(i rcfine(i,  we hope to
rc(iucc  the systematic contribution.
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CGRO Cygnus X-1 Spectrum for Vlcwlng Period 2 (TJD 8407 to 8415)
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Figure 3. The composilc  Cygnus X-1 spccu”um Inc:isurcd  by I] A”I”SI1 and COMf)”H;I,
consists wxsiblv of two components: a Comptonixcd  component in the 20-200 kcV ran~,c
followed’by a p~wcr  law cxlc&ling  to several h4cV. -

s..lmt~o~4 P’isurc 2 shows t}Ic time-avcmgcd spcclra  measured cluring the
~1 (l”Jl) 8395-8405) and the ‘/2 (’I”JI> 8417-8434) periods, rcspcctivcly.  l’hc solid lines arc

the best-fit Cmnptonizccl  spectra (Sunyacv & ‘1’itarchuk  1980) with kl’ = 67 kcV anti t = 2.0

for- the yl spcctrwm,  and kq’ == 62 kcV and I = 2.1 for the yz spectrum. Wc find no

evidence for enhanced McV emission associakxl  with ci[hcr the yl spectrum as reported by

1,ing ct al. (1987) or the ‘yZ spectrum, sliggcstin{:  that such McV feat urcs may bc indcpcndcnt

of the hard x-ray states. ‘I-hc 72 spectrum (I:igurc 2b) is softer than the ‘y I spectrum and
intersects the latter at around a few hunclrcd kcV, consistent with that observed by llilAO-3.
lixccpt for the lack of cvicirmcc  for the McV fexrturc, both the yl and ‘y2 spcctm observed by
BAI’SH agree very WCII with those measured by 1 II;AO 3 in 1979-1980. IJigure 3 shows a
composite lIATSF. and COMP’1’lil.,  (McConnell et al. 1993) spcctrurn for CGRO Viewing
Period #2 (VP-2, TJD 8407-8415). The two spectra arc quite consistent in regions where
they overlap. It is inlcrcs(ing  to no(c that contrary to our standard view of the Cygnus X-1
spcctrmn which has typically a Gm-nptoniz,cd  shape with a sharp cut-off above 300-400 kcV,
this composite spcctrurn  sccrns to have two cornponmts:  a Con~ptonizc~i  component in the
20-200 kcV region followed by a power-law, wilh index of -3.s, extending to several McV.
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CONC]  ,US1ON

Cygnus X-1 was obscrvcci  [o undergo dramatic changes in 1991-1993. Most of these
data, spccificall y those after July 1991, arc currently being analyxcd  using 13BOP and these
rcsu]ts will bc published at a later date. We. rc]mri here preliminary rcsu]ts of the first -65
days of observations covering the period from 23 April to 27 June 1991 using Ii}30P-
Vcrsion 1.0. During this period, Cygnus X-1 was near both the ‘yl and yz lCVCIS for -10 days

and 17 days, rc.spcctivcly.  ‘1’hc transition from yl to y2 took about 10 days. F.xccpt for the

abscncc of the broad McV feature in the yl spectrum which was observed by 1 l};AO 3 in
1979, both y] and y2 spectra ap)rcc very WCII with those observed by I I1{AO 3. A composite
}] AI’SE and COM1}TIH.  spectrum observed in Viewing Period #2 indicates that the source
speclrum may be characterized by a Con~ptoni~cd  component in the 20-200 kcV range
followed by a power law extending to several McV.
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